Background
Introduction
Ankylosing Spondylitis (AS) is a chronic inflammatory arthritis characterised by spinal involvement, with pain, stiffness and reduced range of movement. AS typically starts in the second or third decades of life, and affects patients' functioning and quality of life, with a significant burden in terms of work impairment, early retirement, lifetime health and social care resource utilisation [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] .
A study investigating AS-related healthcare costs in three different European countries, estimated costs at £2253/patient/year [17] . This study used patient-reported visits to healthcare professionals to calculate costs. Separately the authors also examined work status and productivity costs in the same cohort and noted significant differences between countries. Costs ranged between £406 and £1073 using the frictional cost method (employers' perspective) and £3080-£7561 using the human capital approach (patients' perspective). These large differences between countries makes it difficult to generalise work-related costs beyond the country of origin and suggests the majority of costs may be difficult to quantify. A study in the United Kingdom explored healthcare and productivity losses using patient-reported outcomes and the human capital approach and found that on average, AS total costs over a period of three months were £2802 (or £11208/person/year) (1) . Healthcare-related costs contributed a small proportion of the costs (just 15%) while work-related costs (unemployment, absenteeism and reduced work productivity) accounted for the majority of AS-related costs. However, as with previous studies these estimates are based entirely on patient-recall of healthcare visits, which have well recognised limitations [19] .
We have previously suggested that linked routinely collected healthcare data allows the entire patient journey to be mapped more accurately, both retrospectively and prospectively, thereby enhancing the data available for health economic analysis [20] . In this current study we use linked patient-reported data and routinely collected medical record data to estimate the total cost of AS in the UK, including healthcare resource utilisation, work productivity loss and out-of pocket AS-related costs. Therefore, this paper and the novel methodology utilised makes a significant contribution to the cost of illness literature in general as well as our understanding of the true costs of AS.
Materials and Methods

Ethics Statement
The study and amendments had full ethical approval from the London Multi-centre Research Ethics Committee and was run in accord with Good Clinical Practice and the Declaration of Helsinki. All participants gave written consent, including consent for data linkage.
Participants and Healthcare System
Participants were part of a previously established population-based AS cohort created as part of an Medical Research Council (MRC)/National Institute for Social Care and Health Research (NISCHR) funded Patient Research Cohort Initiative, previously described [21] . The cohort recruited 570 people with a diagnosis of AS confirmed by a rheumatologist, from across Wales in the UK. Wales has the National Health Service (NHS) a universal healthcare system that provides free medical care and is funded through taxes.
Patient-Reported Data
Participants were invited to complete questionnaires and return by post or online between mid-2009 and mid-2010, which collected demographics, disease severity, work and activity limitations, out-of-pocket expenses, transport to healthcare appointments and carer assistance. Individuals were contacted up to a total of two times following initial contact before considered as a non-responder.
Work Limitation Questionnaire (WLQ)
The WLQ explores the degree of limitations experienced due to chronic health problems and while work has not yet validated the WLQ is AS, the validity and reliability of the instrument has been demonstrated in osteoarthritis [22] . Comprising 25 items, the WLQ invites respondents to rate their level of difficulty or ability to perform work-specific demands. The items of the WLQ are grouped into four scales; Time management, physical demands, mental-interpersonal and output demands scales. The scale scores range from 0 (limited none of the time) to 100 (limited all of the time). An algorithm converts the WLQ scale scores into an estimate of productivity loss as a result of AS [23] .
The Work Productivity and Activity Impairment (WPAI)
The WPAI Questionnaire is a quantitative measure that yields scores on absenteeism, presenteeism, work productivity loss and activity impairment that has been validated in AS [24] . The six-item WPAI investigates whether in current employment, the hours missed at worked due to AS and other reasons, hours work and the degree to which AS affects productivity while working or doing regular activities. Impairment scores are calculated and expressed as impairment percentages, with higher numbers indicating greater impairment and less productivity [25] .
Linked Routine Data
The Farr institute of Health Informatics Research comprises four nodes distributed across the UK. One of the nodes, CIPHer (Centre for Improvement in Population Health through E-records), brings together routine health data using the Secure Anonymised Information Linkage (SAIL) databank [29, 30] , which anonymously links a wide range of person-based data [31] . The range of complementary datasets include General Practice (GP) records, outpatient (OP), inpatient (IP) and accident and emergency (A&E) department data containing data regarding healthcare visits including reason for visit, medication administered and medical and surgical procedures. Complete hospital data for Wales is available in the SAIL databank and presently, 195 GP practices out of 499 contribute to the SAIL databank, yielding a39% coverage for Wales.
Public Health Resource Use
Healthcare costs were calculated using a bottom-up micro-costing approach, which estimates the average cost of treatment patient/year using the unit costs combined with quantity of use. The costs are reported at 2010 current prices, in terms of average cost patient/year and 95% confidence intervals. The unit costs for healthcare use were obtained from a number of sources, for instance, unit costs related to GP activities are taken from Unit Costs of Health and Social Care by the Personal Social Services Research Unit (PSSRU) [32] , where costs for a GP consultation lasting 17.2 minutes and 11.7 minutes cost £53 and £36, respectively. GP visits were assessed using patient-reported GP visits (questionnaires) and, where available, routine data held in GP Read codes [33] . GP Read code data, does not necessarily indicate a personal consultation or visit to the GP but may represent test results, letters, inputting data obtained from other healthcare settings etc. Exploration of read codes indicated that whenever two or more types of events were recorded in the codes on the same day (i.e. procedures, diagnosis or drugs) this was likely to represent GP visit and counted as such, while a single event on a particular day was not counted as a visit. Costs were attributed to that named GP event using the unit costs for administration (S1 Table: Unit Costs). Patient-reported and routine data GP visits were calculated separately and stratified by disease severity, function and age.
For prescription costs, the PSSRU 2010 reports average prescription cost issued from the GP surgery, however in our cost calculation we have used a weighted average (based on usage) of self-reported drugs prescribed for AS (painkillers, non-steroidal anti-inflammatory drugs (NSAIDS), disease modifying anti-rheumatic drugs (DMARDs), and Anti-TNF agents) obtained from the Prescription Cost Analysis (PCA) data for Wales 2010. We obtained a unit cost of £60.60 for the AS-related drugs. Unit costs for outpatient attendances are taken from NHS reference cost database (£137/attendance) which also costs diagnostic procedures such as investigations, tests, drugs, devices as well as other costs that do not generate a separate healthcare resource group. Diagnostic imaging including plain x-rays, MRI and other scans were calculated individually but are not reported separately due to their high volume and low cost. Therapy services were also included where referral for treatment has been made by a clinician, health professional or self-referral where the patient attends a discrete therapy clinic solely for the purpose of receiving therapy treatment (S1 Table: Unit Costs).
Out-of-Pocket AS-Related Costs
The unit costs for transport used by the patients to attend healthcare facilities were obtained from various web sources (e.g. AA Motoring cost 2010, UK railway travel cost compiled by the Guardian [34] ). Costs for OTC medications were calculated from the "prescription of Wales-2010" dataset [35] . Patients' out-of-pocket expenses also included: (i) 'adjustment' costs for making changes to their home or car, (ii) costs incurred for appliances and aids (iii) exerciserelated costs for AS and, (iv) one-off purchases AS-related purchases (S1 Table: Unit Costs).
Work Productivity Loss
Work-related costs were estimated using the human capital approach [36, 37] . The cost components included early retirement, absenteeism (due to AS), presenteeism (due to AS) and unpaid work by carers (including visits to healthcare facilities). Age and sex-specific average daily wage rates obtained from the Office of National Statistics were used to value lost hours due to AS (S2 Table: Hourly pay rate, gross (£) for all employee jobs in the United Kingdom at 2010 prices).
Statistical Analysis
The socio-demographics and clinical characteristics are presented using descriptive statistics accompanied by the 95% confidence intervals and bootstrapped confidence intervals (1000 iterations), where applicable. Regression analysis was used to account for age, gender, disease activity, functional impairment, quality of life and self-rated health status as correlates of cost. All analyses were performed using STATA 12.
Factors Associated with Healthcare Costs
Patient-reported data and routine data were analysed separately. Comparison of routine with patient-reported data were used to derive yearly estimates of healthcare use. Prescription estimates used numbers of AS-related drugs. The average number of prescriptions is reported for the 3 months recall period within the questionnaire and is also available in the routine data. From routine data, 1 year and 5 year retrospective periods as well as 6 months prospectively from the questionnaire completion date were collected and stratified by disease severity and age.
Factors Associated with Work Productivity Loss
Multi-predictor maximum-likelihood logistic regression and Ordinary Least Squares (OLS) regression models were fitted to the data to examine factors associated with AS-related work costs. The factors examined included the continuous variables age, AS function index (BASFI), and EQ5D score; and the binary variable, gender. In addition, nine cost indicators were considered as the dependent variables in the respective specifications. Logistic regression was used to examine retirement due to AS (Yes/No) and requirement for unpaid assistance (Yes/No) as the binary dependent variables. Seven multivariate OLS models were run where the dependent variables was patient-reported productivity loss index, ability score, difficulty score, cost due to absence from work, cost due to inefficient working hours at work (i.e. presenteeism), and the retirement gap (i.e. the difference in years between the usual age of retirement and the actual age at which the patients retired).
Results
Of 570 patients invited, 482 (85%) returned completed questionnaires. Hospital records were available for all participants, while GP data was available for 150 participants at that time. Respondents were 77% male; the mean age was 55.5 years (SD±15.9); mean BASDAI 43 and BASFI 46.9. Mean disease duration was 19.8 years from diagnosis and 28.3 years from symptom onset. These results are consistent with demographics for other AS cohorts. The respondents' demographic characteristics, stratified by employment status, are shown in Table 1 .
Healthcare Resource Use GP Visits and GP-Related Events
The average number of visits is reported for all participants, while GP events are reported only for those patients whose information is present in the routine GP data (n = 150). Patients selfreported a mean of 1.73 (95%CI: 1.39-208) GP visits over the previous 3 month period Table: Average number of GP visits and events for the AS patients from patient-derived data and routine data). The number of relevant prescriptions and GP procedures are shown in S4 Table (Drugs and Medications prescribed for AS patients from routine data) and S5 Table ( GP Analysis: Healthcare resource procedures from routine data), respectively.
GP and Prescription Costs
Two sets of cost estimates for GP utilisation and prescription costs are shown in Table 2 from patient-reported data and routine data. For patient-reported data, GP attendance and prescription costs were £1140 (95%CI: 935-1345) patient/year, mainly attributable to the use of DMARDs and anti-TNF drugs. GP costs using linked routine data are £1067 (95%CI: 955-1180) patient/year and include GP events (administration). Routine data GP prescription costs were £395 compared to £899/patient/year for self-report which can be attributed to the Welsh NHS funding model whereby anti-TNF agents are prescribed by secondary-care (hospital-based rheumatology clinics) and not by GPs (who prescribe all other medication).
Hospital Costs
Consistent with the GP data, patient-reported estimates for hospital attendances (IP day unit, OP and A&E) were higher than those captured by routine data, and therefore associated with higher costs (S6 Table: Patient-reported and routine data estimates of outpatient, inpatient, and A&E attendance costs for AS patients (£/patient/year)). For both models, >95% of the hospital attendance costs were attributed to OP clinics and IP (which include infusion and day unit) episodes.
The average cost patient/year for consulting hospital-based healthcare professionals is £755, mostly incurred for consulting rheumatologists (35%; £267) and physiotherapists (23%; £174) (S7 Table: Distribution of healthcare cost stratified by disease severity, functional ability and age). Cost estimates for secondary care investigations are also shown in S7 Table, with the majority incurred for radiological investigations.
Total NHS Cost
Using the above data, the total costs (£/patient/year) to the NHS (GP, hospital, prescription and investigation costs) were estimated at £3230 (95%CI 2666-3794) from patient-reported data and £2343 (95%CI 2090-2596) using routine alone (Table 3) .
Factors Associated with Public Healthcare Costs
Patients with higher disease activity (BASDAI40) and higher functional impairment (BASFI40) incur significantly higher healthcare related costs than those with lower disease activity and better function. This group were also more likely to overestimate the number of self-reported GP visits (S3 Table) . The marginal effects of function, disease activity and selfreported Health Status on cost are reported in Table 4 . The coefficients indicate that a 10 unit increase in BASFI and BASDAI score are associated with £460 and £410 increases in the NHS costs, respectively, while a 10 unit decrease in health status is associated with a £540 increase in the NHS cost of AS.
Out-of-Pocket AS-Related Costs
The mean AS-related, out-of-pocket expenses incurred by participants was £705/person/year while one-off purchase expenses were £362/person/year (S8 Table: Out of Pocket AS-related costs for the AS Patients (£/AS patient/year)). These costs include £58/person/year for transport to healthcare appointments and £113/person/year for self-funded exercise outside of the NHS.
Work Productivity Loss
Employment and Early Retirement
At the time of responding, 53% (254/482) of participants were not working (See Table 1 ). Of the total 397 participants of working age (<65 years), 43% (169/397) were not working, which entails a 57% labour force participation rate for AS patients. Of those no longer working, the mean age of retirement was 53.6 years, with 74% citing AS as the main reason for early retirement. On average, the AS patients retired 9.5 years earlier than the general population and 10.2 years earlier than the usual retirement age for their specific occupation. 
Absenteeism and Presenteeism
AS impacts both on the ability to attend work (absenteeism) and productivity while at work (presenteeism). Participants reported the impact of AS on work performance (S9 Table: Impact of AS on on-the-job performance due to physical and emotional problems). On average, participants missed 3.5% (95%CI: 1.6-5.3, n = 197) of their work time (absenteeism) ( Table 5 ). In addition, they report 21.6% (95%CI: 18.6-24.7, n = 225) impairment of working level (presenteeism) and 26.1% (95%CI: 22.7-29.6, n = 197) overall work impairment due to AS. Overall activity impairment due to ill-health was 33% for those in work (work and home activities) and 52% for those not in work (home). Higher disease activity and functional impairment were associated with significantly increased productivity and activity impairment (Table 5) .
Of employed participants, 13.6% (31/228) were absent from work during the past 7 days due to AS and missed on average 7.6 (95%CI: 4.36-10.86) hours of work. For these participants the self-reported mean productivity loss was 2.2 (CI: 1.9-2.5) indicating more than 20% loss of productivity during the working hours. The productivity impact on daily regular household tasks was 3.3 (i.e. more than 30% loss of productivity).
Work-Related Costs of AS
Using the age and sex specific national average daily wage rates (S2 Table: Hourly pay rate, gross (£) for all employee jobs in the United Kingdom at 2010 prices), annual losses to earnings per patient (not in paid work) were £23691 (95%CI: 21849-25534] under the human capital approach (cost to patient). Spread across all AS patients in the cohort (working and not working), the early retirement cost of AS was estimated to be £8107 (95%CI: 6834-9380) year/ patient, and was significantly higher in those with BASDAI and BASFI 40, but there were no significant gender differences (Table 6 ). The work-related AS costs for those patients in employment, was estimated to be £869 (95% CI: £392-1346) due to lost hours at work (absenteeism) and £7241 (95%CI: 6163-8319) due to the inefficient hours while working (presenteeism) per year per working patient. Spread across the entire cohort (working and non-working), the estimates were £411 for absenteeism and £3425 for presenteeism per year per AS patient (Table 6 ). Costs for absenteeism was associated with higher disease activity and higher functional impairment, while presenteeism was mainly associated with higher disease activity (Table 6 & S10 Table 10 : Determinants of AS related work productivity loss costs).
Factors Associated with Work Productivity Loss
Using logistic regression, early retirement due to illness was associated with functional impairment, while using linear regression productivity loss (work and home) was associated with younger age, increased functional impairment and lower quality of life (S10 Table) . While the costs due to absenteeism and presenteeism were associated with functional impairment, neither was associated with gender. In addition, costs for absenteeism due to AS were associated with lower age, while costs for presenteeism were associated with lower quality of life. (n = 482) (n = 213) (n = 269) (n = 203) (n = 279) (n = 122) (n = 360) 
Cost of Unpaid Assistance
Patients with chronic diseases often require significant assistance from unpaid carers (usually family members) who may themselves incur costs as a result of this (e.g. time off work for carer-related activities). AS patients required an average of 52 hours of unpaid care givers' time during a 3 month period, incurring costs of £1279 (95%CI 903-1655) and £2983 (95%CI 2105-3680) year/patient when estimated using the minimum and mean national wage, respectively (S11 Table: Cost estimates of unpaid assistance). The cost incurred due to unpaid assistance and accompaniment for visits to various healthcare facilities was £193 (95%CI 91-295) year/patient at mean national wage. Men have less assistance from informal carers than women (S11 Table: Cost estimates of unpaid assistance).
Total Combined Costs
From the data presented above, it is clear that neither patient-reported nor routine data costs alone can accurately capture the full costs of AS. We therefore calculated total costs by combining the datasets that most accurately capture the real-life situation for AS in the UK. Using these datasets, the total cost of AS is estimated to be in the region of £19016 (95%CI: 14854-23149)/patient/year (Table 7) . This is calculated using routine datasets for GP attendance visits (as it appears that patient-reported visits are an overestimate), GP administration events (not captured at all in patient-reported data) and hospital (outpatient, inpatient and A&E) costs from routine data (as for GP visits), while patient-reported questionnaires were used for prescription costs (as medications like anti-TNF are not captured in the GP dataset), and selffunded non-NHS costs; out-of-pocket expenses, one-off purchase expense, cost of transport to health professionals, early retirement, absenteeism and presenteeism (patient-reported) and unpaid assistance costs. 
Discussion
We examine the total costs associated with AS in the UK using a population based cohort to capture linked routine and patient-reported data. We employed the human capital approach so productivity costs are included and therefore costs are not underestimated, as may be the case for the friction cost approach. We found that patients with AS incur significant costs as a result of their condition. In particular, AS has a significant effect on the ability to work with 43% of people of working age either unemployed or retired early, and 70% citing AS as the cause. We estimated that the total cost of AS is £19016/person/ year including NHS costs, patient costs and society costs. However, the majority of the costs are due to early retirement, inefficient working and unpaid carers' time. Therefore, much of the costs of AS are hidden and not captured using traditional methods. The cost of AS varies greatly with function and age. The combination of patient-reported and linked healthcare data used here offers the opportunity to capture the most accurate and comprehensive dataset for cost calculations. This methodology has allowed us to demonstrate that patients appear to overestimate their NHS health-care visits in comparison to routine GP and hospital administrative records for the same period. Routine data also allows GP administration costs to be captured, which are not available elsewhere. Therefore, linked routine data appears to be the most accurate in capturing healthcare visits in our setting. In contrast, effective and expensive AS medications such as TNF-inhibitors are prescribed in specialist secondary-care settings in the UK, and therefore not captured in the current routine GP prescribing dataset (these may be available in free-text fields to which we do not have access for reasons of data privacy). Therefore, patient-reported data is vital for accurate records of medications in the absence of a comprehensive prescriptions register. Recall is also less of an issue here as patients have written prescriptions from their GPs and are unlikely to forget that they receive injectable TNF-inhibitors for their AS. Thus, the novel combination of both patient and linked routine data provides the optimal information for estimating AS-related healthcare costs.
Our findings are comparable with previous UK research which also found that 45% of those of working age were unemployed, 20% were work impaired and there was 14.9% AS-related absenteeism, missing 8.78 days over a three month period (1). Our study finds a cost at £3836 due to loss of work for employed people and £8107 due to early retirement which equates to £11943 per year per patient. This compares with £2342 per 3 months or £9368 per year reported by Rafia et al [1] . Thus, findings from both studies for work-related costs are very similar and the small differences might be explained by a difference in number of people in work in Wales compared to England and differences in the populations studied.
Another UK study utilising secondary care medical records in 2008 reported costs attributable to IP (£382), OP (£306), physiotherapy (£598) and medication (£372) (9) . Our equivalent figures today would give IP (£710), OP (£558), physiotherapy (£174) and medication (£899). Our data suggests that, compared to this earlier study, there is a trend for reduced physiotherapy and increased OP and IP attendance and costs. This is consistent with our observations in clinical practice, since the introduction of TNF-inhibitors prescribed for AS, which have increased the requirement for specialist (rheumatology) hospital-based input and reduced the need for physiotherapy, due to better outcomes. Our estimated patient-reported medication costs were higher (£899) which reflects the introduction of expensive anti-TNF therapy (used in 15% of our cohort, which is comparable to 20% in another UK study [38] ) for the treatment of AS since 2008 and the fact that we also captured primary care medication.
Our findings enhance existing evidence that impaired function and increased disease activity lead to significant increase in the cost of AS. Therefore, interventions that improve the function and work productivity of patients are likely to lead to the largest reduction in the costs of AS which are dominated by work-related costs.
This study gives the most comprehensive examination of the cost of AS in the UK, ever. However, as with all economic evaluations, there are some limitations. Questionnaires could be completed via postal or electronic methods, as such the equivalence of data from the two different formats may have been an issue [39] . However, care was taken to avoid any substantial changes when migrating the paper questionnaire to electronic format in order to reduce response bias.
Visits to GPs are difficult to accurately identify using routine data, while patients tend to over-report visits to health professionals. Future work could obtain the attendance log at a sample of GP practices to develop algorithms which accurately identify GP visits. Although this work is the most comprehensive published evaluation of the costs of AS in the UK, there are nevertheless still some costs which are not captured. For example, prescriptions through secondary care are not captured using GP data and are not currently available for these patients, however patient-reported prescriptions give a proxy to this cost. Similarly, hospital administration costs which are likely to be considerable due to the administration associated with biologics, are not currently available and as such, costs will be underestimated here. Cost analysis has been calculated at 2010 prices and so today's cost would be increased.
At the time of study, measures of psychological well-being were not available for analysis, however, research has shown that depression is associated with employment, absenteeism and presenteeism [40] ].
We have produced the most comprehensive cost analysis of AS in the UK to-date, using routinely collected data in conjunction with patient-reported data that allows the hidden costs, such as presenteeism, absenteeism and early retirement when calculating work productivity loss costs and the effect of disease severity on cost estimates for the condition. This methodology can also be adapted to develop enhanced health-economic analyses for a range of chronic, long-term conditions.
Conclusions
The total cost of AS in the UK at the time of this work is estimated to be £19,016 per person per year and is significantly higher in patients with poor function. The major cost of AS is as a result of inefficient working hours, early retirement and in unpaid carer's time. Interventions which can keep people in productive work until retirement age would have the greatest single impact in reducing costs in AS.
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